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Pion-nucleon charge-exchange amplitudes above 2 GeV 
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Abstract. The amplitudes for the pion-nucleon charge exchange reaction of the Karlsruhe-Helsinki and 
the George- Washington-University partial wave analyses are compared with those of a Regge-cut model 
with the aim to explore the possibility to provide high energy constraints for theoretical baryon resonance 
analyses in the energy region above 2 GeV. 



PACS. 13.75.-n Hadron-induced low- and intermediate energy reactions 
with S=0 - 11.55.Jy Regge formalism 
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1 Introduction 

Presently there is intense experimental activity to study 
baryon resonances in the energy range up to 2.4 GeV [Hill 
[3l|4]. Nearly all established resonances summarized in the 
Review of Particle Physics [5] were obtained in the time 
period before 1980 from partial wave analyses of pion- 
nucleon reactions by the Karlsruhe-Helsinki (KH80) [6l[7] 
and the Carnegie-Mellon-Berkeley (CMB) [8J collabora- 
tions. Arndt and his collaborators at the George Wash- 
ington University (GWU) have published a series of more 
recent analyses pifTD, including the enlarged data basis 
provided by LAMPF, TRIUMF, and PSI which cast doubt 
on some of the resonances found in previous analyses. New 
data on spin rotation parameters obtained by the ITEP- 
PNPI collaborations showed some limitations of the KH80 
and the CMB analyses [H lTISlfM] . 

The experimental data on ttttN, rjN, and KA final 
states require unitary multichannel resonance parameter- 
izations [TMroifT7[|T5] . The physical background due to 
non-resonant processes employed in those calculations may 
show a non-trivial energy dependence which is reflected in 
the extracted resonance parameters and calls for further 
theoretical developments [18;. The K- matrix approach to 
coupled-channel reactions combines resonances and non- 
resonant processes, using effective Lagrangians. Resonance 
parameters were extracted using the K-matrix method in 
the energy range up to ^/s = 2 GeV [12] . The K-matrix 
approach relies on one major approximation, the omission 
of the real part of the intermediate meson-nucleon prop- 
agator. This may affect the details of the non-resonant 
background. Moreover, it impedes the possibility to gen- 
erate poles in the S-matrix dynamically - a feature which 
is strongly emphasized in recent works that apply concepts 
from effective field theories to meson-meson and meson- 



baryon scattering [2U1[^[^^1I^ . Several groups have de- 
velopped models for meson-nucleon dynamics based on 
effective Lagrangians going beyond the K-matrix approx- 
imation and studied pion-nucleon scattering for energies 
up to around 2 GeV [241125(12611271128]. 

An extension of meson-nucleon coupled channel ap- 
proaches to energies above 2 GeV is a rather challenging 
task. In principle, partial wave amplitudes would provide 
the most helpful tool for such an extension. There are 
limitations at large energies, however. In the energy range 
from 2 GeV to 3.5 GeV, the number of partial waves em- 
ployed in the KII80 analysis rises, as partial waves up to 
angular momentum j = 37/2 are necessary. Naturally, it 
is difficult to determine such a large number of parameters 
from the available data. For very high energies the angu- 
lar distributions of two-body reactions show well-known 
regularities: the differential cross sections are dominated 
by forward scattering. Here an economic description of the 
t-dependence of the cross sections in forward direction as 
well as of their energy dependence is given by Regge phe- 
nomenology [29], using Regge trajectories as basic degrees 
of freedom. Therefore, the question arises in how far the 
amplitudes deduced from such approaches can serve as a 
guideline for the envisaged extension to higher energies. 

In the present paper we survey the available infor- 
mation on the wN scattering amplitudes from 2 GeV up 
to energies where the reaction can be quantitatively de- 
scribed within Regge phenomenology. Specifically, we con- 
sider the amplitudes that result from the partial wave 
analyses of the GWU group (which reaches up to 2.5 GeV) 
and the KH80 solution (which covers energies up to 3.49 
GeV) and predictions of Regge models, fitted to high en- 
ergy ttN data. We concentrate on the charge exchange 
pion-nucleon reaction in this work because of the follow- 
ing reason: For Regge pole trajectories, there is a natu- 
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ral ordering according to the intercept a{t = 0) of the 
trajectory |30j . The pion-nucleon charge exchange reac- 
tion Tr~p TT^n is dominated by the p-trajectory because 
the selectivity of the reaction supresses contributions of 
the Pomeron which is leading for the elastic pion-nucleon 
scattering. In view of this we consider a simple Regge- 
cut model which consists of a rho-pole trajectory and a 
rho-Pomeron cut only and use vertex functions parame- 
terized by a single exponential. In addition, we compare 
with the results of a more sophisticated Regge parameter- 
ization taken from the literature [31j- 

We consider the present work as a preparatory step for 
extending coupled-channel approaches of the nN interac- 
tion to energies above 2 GeV. Indeed meson-nucleon cou- 
pled channel models and Regge models can be considered 
as two effective theories made for different energy scales 
which employ the degrees of freedom most economical for 
the energy range considered. In the case of meson-meson 
scattering, Regge constraints have been fruitfully used in 
the classical and recent Roy equation studies, see e.g. [32l 
[33 l[34ll35l f36] . It will be interesting to see whether the same 
can be achieved also in the context of coupled-channel ap- 
proaches and the ttN system. 

The paper is organized as follows. In section 2, we sum- 
marize the parameterization of the employed Regge-cut 
model. The angular distributions and polarizations ob- 
tained are shown in section 3 for some selected energies, 
followed by a discussion of the energy and momentum de- 
pendence of the differential cross sections. The resulting 
amplitudes are presented and discussed in section 4. Con- 
clusions are drawn in section 5. 



2 Formalism 

The helicity spin non-flip amplitude A^p and spin-flip 
amplitude A^p ~ due to the p-pole exchange contribution 
to the TT^p — > TT^n reaction are parametrized as 



Mt+=pt+ Gp{s,t) 



r[aM'' 



(1) 

(2) 



where (3p is the residue function specified later. The Regge 
propagator is given by 

(4)°'"'. (3) 

sm[7rap(t)] J 

with ^p = — 1 being the signature of the p-trajectory. The 
p trajectory ap{t) is taken as 

ap{t)^l--a'pml + a'pt. (4) 

The slope parameter a'^ is determined by a fit to the data. 
Furthermore, q in Eq. ([3]) is the pion momentum in the 
center-of-mass system and go = 1 GeV/c serves as a scale. 
The factor j; cancels the poles of the Regge propagator 
([3| in the scattering region. 



The helicity spin non-flip amplitude M^'^ and spin- 
flip amplitude A4'^ due to the p-cut exchange, which rep- 
resents the initial and final state interactions, are parametrized 

as 

X++ =/?++ Gc{t,s) ^. ln-\s/so), (5) 



m: 



nMt)] 



ln-\s/so), (6) 



where the prescription of Gc{t,s) is similar to that of 
Gp{t, s) except that ap{t) is replaced by ac{t). Here adt) 
is the p-cut trajectory taken as 



ac{t) = 1 - a'pTn'^p + — 



o!po!p 



a'p -t- Up 



(7) 



with a'p = 0.1 GeV~^ being the slope of the Pomeron 
trajectory, which is well defined from the analysis of elastic 
scattering data. A scale sq = 1 GeV has been chosen. 

The residue functions for all amplitudes are parame- 
terized in a similar way 



/3(t) =/3oexp(6i). 



(8) 



where the coupling constant /3o and the slope b in the 
exponential formfactor are determined by a fit to the data. 

The total helicity spin non-flip amplitude A^++ and 
spin-flip amplitude M.^ are given by the sum of the 
above amplitudes, i.e. 



7W++ = 

M+- = M+- +Mt~. 
The differential cross section is given by 

dt sq^ 
and the polarization by 

2lm[M++M+-*] 



P = 



(9) 
(10) 



(11) 



(12) 



\M++y + \M+-Y 

The difference of the 7r~p and 7r+p total cross sections is 



Aa = 



4V27r 



ImX++(i = 0). (13) 



The parameters are listed in Table [T] Those parameters 
have been determined by fitting the data on 7r~p Tr^n 
differential cross sections and polarization for pion beam 
momenta above 4 GeV/c {y/s > 3 GeV) and for four- 
momentum transfer squared \t\ < 2 GeV^ [37]. 



Table 1. Parameters of the p-pole and p-cut amplitudes. 



Parameter 


P 


p-cut 




-23.8±0.3 


0.5±0.3 


b++ 


2.5±0.2 


0.6±0.4 




151.3±1.1 


-113.7±2.2 


b+- 


1.7±0.1 


4.3±0.3 


a;=0.81±0.01 
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Fig. 1. Differential cross sections for the reaction n^p — > 
TT^n as a function of the four-momentum transfer squared for 
different collision energies indicated in the legend. The solid 
lines represent the results of our Regge-cut model, those based 
on a pure rho-pole fit are given by the dashed line. Results for 
the model of Ref. |31) are shown as dash-dotted lines. The data 
are taken from Refs. [5giH01HnH^H51l44ll45| . 



3 Cross sections and polarization 

There are three well-known predictions for the pion-nucleon 
charge exchange reaction based on the existence of the 
rho-trajectory: the energy dependence of the total cross 
section, the existence of a diffractive minimum in the dif- 
ferential cross section in the vicinity of t = —0.6 GeV^, 
and the relative phase of the real and imaginary parts of 
the Regge amplitudes which is fixed by the signature fac- 
tor ^(t) = {l + £,pexp[-iTrap{t)]) (Eq. ^) 38J. The Regge 
limit is supposed to be valid for energies much larger than 
the momentum transfers, so that for a given energy, the 
Regge parameterization is expected to deteriorate with 
increasing magnitude of the momentum transfer. Regge 
phenomenology modifies the t-dependence of the ampli- 
tudes determined from the Regge trajectory by purely 
phenomenological vertex functions, which allows to op- 
timize the fit to observables. For our Regge-cut model we 
have chosen a rather simple form of the vertex function, 
namely an exponential formfactor, cf. Eq. ([S]). But in the 
past, Regge phenomenology has used unconventional pa- 
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Fig. 2. The polarization in the reaction -K~p n n as a func- 
tion of four-momentum transfer squared for different collision 
energies indicated in the legends. Same description of curves 
as in Fig.[T] The data are taken from Refs. [46] (open squares), 
[47] (circles), [48] (triangles), and [49] (filled squares). 



ramctcrizations of the vertex functions in order to obtain 
an even faster decrease of the helicity non-flip amplitude 
than the one produced by the rho-pole trajectory. Specif- 
ically, functions with a zero crossing at — t « 0.2 GeV^ 
were employed in order to account for the crossover phe- 
nomenon. (We will come back to this issue in the next 
section when we discuss the amplitudes.) One of the mod- 
els where this has been done is the parameterization of 
Barger and Phillips [3T] and, therefore, we will display 
their results here for comparison. 

The differential cross sections and polarizations ob- 
tained are shown in Figs. [T] and [2] for a few selected ener- 
gies. A more systematic comparison with data will be pre- 
sented elsewhere [37] • Both our Regge-cut model and and 
the fit of Ref. [31] reproduce the data reasonably well. The 
major difference between the two fits occurs in the vicinity 
of the minima close to —t = 0.6 GeV^: the Barger-Phillips 
fit overestimates the data near the minimum, while the 
Regge-cut model tends to lie below the data here. In the 
Regge-cut model, the contribution of the rho-pole domi- 
nates both the helicity non-flip and the helicity flip am- 
plitudes. The rho cut amplitudes are a correction which 
are mainly required to flU the dip near —t = 0.6 GeV^. 
One observes a maximum of the angular distribution near 
—t = 0.03 GeV^ which allows to disentangle the helicity 
flip and non-flip amplitudes, assuming the validity of the 
Regge approach. 
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For illustration purposes we consider here also results 
based on the Regge-pole contribution alone. The dashed 
lines in Fig. [T] have been obtained using = -24.62, 
= 143.29, b++ = b+- = 2.33, and ap=0.832. The 
strength parameters of the flip and non-flip amplitudes for 
the pure Regge-pole fit differ by about ten percent from 
the ones shown in Table [1] The angular distributions for 
small values of —t are well reproduced by the pure Regge- 
pole model. But the description deteriorates rapidly from 
about —t = 0.4 GeV^ onwards because the pole trajectory 
enforces a vanishing amplitude at —t — 0.6 GeV^. Still, 
the pure Regge-pole model produces a second maximum 
of the angular distribution, though it underestimates the 
magnitude of the corresponding cross section significantly. 

The maximum of the polarization which occurs close 
to —t = 0.5 GeV^, c.f. Fig. is correlated with the first 
minimum of the angular distributions, as expected from 
Eq. (12). Our Regge-cut model predicts a smaller polar- 
ization than the Barger-Phillips parameterization, but the 
large experimental uncertainties reflected in the various 
data sets do not allow to discriminate between the fits. As 
is well-known, the pure Regge-pole model predicts zero 
polarization. 

Fig. [3] shows the total cross section for the reaction 
TT^p ■n^n as a function of the energy. Here we also 
include results based on two ttN phase shift analyses, 
namely the ones by the GWU [10] and the Karlsruhe- 
Helsinki 7J groups. The results for the GWU analysis are 
those of their current solution taken from the SAID Pro- 
gram [llj. With regard to Karlsruhe-Helsinki we use the 
preliminary updated solution KH80 as tabulated in Table 
2.2.2.2 of Ref. [71. Though the KH80 solution (and the 
later KA84 analysis) is, in principle, available from SAID 
we used the values from the table because only there par- 
tial waves amplitudes up to very high angular momenta 
are listed. The SAID Program provides amplitudes only 
up to orbital angular momenta oil = The KH80 anal- 
ysis employs partial waves with angular momenta up to 
/ = 11 around 2.5 GeV and up to Z = 18 at the highest 
energy of 3.487 GeV 7J. We found the contributions from 
those high angular momenta to be essential for obtaining 
converged results for the observables and, in particular, for 
reproducing observables as published by Hohler [7J. Note 
that the GWU analysis SP06 which covers energies up to 
2.5 GeV [10] uses partial waves up to / = 8. 

The Regge-cut model (solid line) is able to reproduce 
the experimental data down to approximately 3 GeV (lower 
panel of Fig. [3]). Below 3 GeV (upper panel), the extrap- 
olation of the Regge-cut model underestimates the cross 
section, which suggests the necessity to incorporate reso- 
nances. The energy dependence of the total cross sections 
can be also reproduced by using only the Regge-pole con- 
tribution (dashed fine). 

As far as the partial wave analyses are concerned one 
can see that the GWU analysis (short dashed line) starts 
to deviate from the data from around 2.3 GeV onwards, 
and produces a strongly rising cross section not in agree- 
ment with the data. This is expected in view of the dete- 
riorating reported in [lO . The Jiilich coupled channel 
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Fig. 3. The ■n~p TT°n total cross sections as a function 
of the collision energy ^/s. The solid and dashed lines are the 
results of our Regge-cut model and the pure Regge-pole model, 
respectively. The short-dashed line represents the results of the 
partial wave analysis from the GWU group [10) while the open 
circles are those for the KH80 solution [7]. The dash-dotted 
line indicates the predictions from the Jiilich meson-exchange 
model 125]. The data are taken from Refs. [39114111421149115011511 
[52]. 



meson-exchange model |25j includes only a few low-mass 
resonances and, consequently, does not agree with the to- 
tal charge exchange cross sections above 1.5 GeV, cf. the 
dash-dotted line. 

Note that there is a conflict between different data sets 
in the transition region 2.5 < ^/s < 3 GeV. The Regge 
fits tend to reproduce the smaller values which seem to be 
more in line with the high-energy data whereas Hohler's 
analysis agrees with the larger cross section values in the 
energy range in question. Those values are compatible 
with the data at lower energies. 

A systematic view of the energy dependence of the dif- 
ferential cross sections for several fixed four-momentum 
transfers t is provided in Fig.H] Below y/s « 2.5 GeV, the 
differential cross sections show bumps which correspond to 
known resonances, whereas for higher energies the differ- 
ential cross sections decrease smoothly with energy. The 
Regge fits are shown down to 3 GeV. In the energy range 
considered, the Regge cuts are an important contribution 
to the cross section. For small t the KH80 partial wave 
analysis joins the results of the two Regge models. With 
increasing t there is a widening gap between the two Regge 
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Fig. 4. Differential cross sections for the reaction tt~p n^n 
at fixed t as a function of the collision energy. The —t values 
considered are 0.0, 0.4, 0.8, 1.2, 1.6, and 2.0 GeV^ from top 
to bottom. Same description of curves as in Fig. [1] The "+" 
symbols represents the results of the partial wave analysis from 
the GWU group [10] while the open circles are those for the 
KH80 solution [7]- The data selected for the various intervals 
of four-momentum transfers squared, as denoted in the legend, 
are taken from Refs. [39]|40ll41ll42]|43ll44y45y53y54y55ll56) . 



models, reflecting the different quality of the fits to the 
data at larger —t values. Obviously, the Barger-Phillips 
fit overestimates both the available data and the KH80 
analysis for —t^ 1.6—2 GeV^. On the other hand, our 
Regge-cut results are in agreement with the experimental 
information. 

The helicity flip and non-flip cross sections are observ- 
ables which in principle could be measured directly. The 
differential cross section for t = GeV^ is entirely de- 
termined by the helicity non-flip transition, which opens 
the possibility to separate the two contributions to the 
cross section within the Regge model by studying the t- 
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Fig. 5. Moduli of the spin non-flip and spin-flip amplitudes 
for the reaction Tv^p n^n divided by the center-of-mass mo- 
mentum squared at fixed t as a function of the collision energy 
y^s. Same description of curves as in Fig. [1] The sym- 
bols and the open circles denote the results of the partial wave 
analyses from the GWU group p!0] and the Karlsruhe-Helsinki 
group (KH80) j7j, respectively. 
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dependence of the cross sections. In Fig. [5l we show the 
energy dependence of the moduh of the heUcity flip and 
non-flip amphtudes. The moduh of the hehcity flip amph- 
tudes predicted by the fit of Ref. [31] (dash-dotted hne) 
and of our Regge-cut model (solid line) are close to each 
other. The small remaining gap may be taken as a measure 
for the uncertainty of the determination of the amplitude. 
The pure Regge-pole fit produces the correct energy de- 
pendence, but is unable to provide the magnitude required 
by the data for —t larger than 0.4 GeV^, see the dashed 
line. The KH80 analysis joins the Regge fits smoothly, 
except for some fiuctuations at the largest |i| value con- 
sidered. 

For the hehcity non-flip amplitude, the moduli match 
at t — GeV^, as expected, but at larger four- momentum 
transfers, considerable differences occur. The Barger-Phi- 
llips fit agrees roughly with the KH80 analysis for ^/s > 
2.5 GeV up to —t « 0.8 GeV^, whereas the Regge-cut 
model produces an amplitude which is much smaller than 
the KH80 result. The hehcity non-fiip amplitudes of the 
KH80 analysis show large fluctuations above 2.5 GeV for 
all values —t > 0.8 GeV^. One should note that the hehc- 
ity non-flip amplitude is fairly small above « 2.5 GeV, 
which makes its determination difficult. Direct measure- 
ments of polarization and spin rotation parameters for for- 
ward angles would help. Recent ITEP experiments have 
studied other kinematical regimes |13| . Pion beams will 
be also available at J-PARC. The HADES collaboration 
at FAIR/GSI ^ prepares a secondary pion beam, which 
would have to be supplemented by polarized targets. 

The total cross-section difference for tt~p and ir^p 
scattering is proportional to the imaginary part of the spin 
non-flip amplitude for vanishing momentum transfer (see 
Eq.(13)) and hence can serve as a test whether the ampli- 
tude obtained is acceptable. In Fig. [SI we show the differ- 
ence of the cross sections, multiplied by to facilitate a 
comparison on a linear scale. The Regge-cut model (solid 
line) reproduces the experimental data in the energy inter- 
val ranging from 3 GeV to 24 GeV and appears to average 
the Arndt and Hohler analyses below 3 GeV. The partial 
wave analyses reflect the presence of resonances, of course. 
The fact that the Regge amplitude represents quasi an av- 
erage of the physical amplitude over the resonance region 
is a manifestation of duality in strong interaction physics, 
a notion extensively discussed and explored in the 1970s 
(see, e.g., Ref. [53] for a review), and recently revived in 
the context of interrelating quark- and hadronic degrees 
of freedom [Ml- 



4 Amplitudes 

After the measurement of spin rotation parameters for 
TT+p and Tr~p scattering at a beam momentum of 6 GeV/c, 
corresponding to = 3.49 GeV, several ttN amplitude 
analyses were performed at this particular energy [55U571 
I68j . Since data on Tr~^p and Tr~p scattering are much more 
abundant (see, e.g., [10]) and, in general, also more accu- 
rate than for the charge-exchange channel the amplitudes 
of the partial wave analyses are mainly determined by the 




s'" (GeV) 

Fig. 6. Total cross-section difference for 7r~p and tt'^p scat- 
tering multiplied by the three momentum transfer squared as a 
function of the collision energy y^. Same description of curves 
as in Fig. [T] The symbols and open circles denote the re- 
sults of the partial wave analyses from the GWU group [TD] and 
the Karlsruhe- Helsinki group (KH80) [7], respectively. Data are 
taken from Refs. 



former two reactions. On the other hand, in the Regge- 
model fits considered here only ttN charge-exchange data 
at higher energies have been used as input. It is there- 
fore interesting to compare systematically the amplitudes 
derived by different methods. 

In Fig. [7] we contrast the amplitudes obtained from 
the present model for the momentum piab = 6 GeV/c 
with three different amplitude analyses ^66','67''68' and the 
amplitudes generated from the KH80 analysis. The Regge- 
cute model and the pure rho-pole model produce very 
similar amplitudes. Both real and imaginary parts of the 
hehcity flip amplitudes are in reasonable agreement with 
the amplitude analyses. Note, however, that empirically 
the height of the maximum of the helicity flip amplitude 
near = 0.2 GeV^ is not uniquely determined. The 
magnitude of the helicity non-fiip amplitude for vanish- 
ing momentum transfer is fixed by the total cross sec- 
tion data. But the slope of the helicity non-flip amplitude 
near t = differs from the one obtained in the Regge-cut 
model. Specifically, the zero that appears in ImM++ at 
t « —0.2 GeV^, which is commonly connected to the so- 
called crossover zero in the n^p — *■ n^p differential cross 
sections [501IM1I7D] . is not reproduced by the pure Regge- 
pole fit but also not by our Regge-cut model. On the other 



F. Huang et al: Pion-nucleon charge-exchange amplitudes above 2 GeV 



7 



> 
(D 



J3 

E, 
w 

T3 
Q- 

E 
< 



-3 - 



1 1 1 1 1 

~i ^ Re M*" 


1 1 1 1 1 

Re M** 




-U>|-1.li. 

— 1 1 1 1 1 


^ ' 1 ' 1 ' 



Im M" 


A A p + p-cut 

r p 

- Barger _ 
■ ■ ■ ■ Hoehler 

1,1. 



0.0 



0.5 



1.0 



0.0 



0.5 



1.0 



1.5 



-t (GeV') 



Fig. 7. Spin-flip and spin non-flip amplitudes for the reaction 
TT^p TT^n reaction at the collision energy — 3.487 GeV 
as a function of the four-momentum transfer squared. Same 
description of curves as in Fig. [1] The dotted lines are the 
results of the KH80 analysis [7] . The symbols represent results 
from different amplitude analyses [66II67II68] . 



hand, the result based on the Hohler analysis (dotted line) 
clearly exhibits this feature and is also in good overall 
agreement with those amplitude analyses. 

There have been various suggestions to modify the 
Regge phenomenology in order to accomodate a vanishing 
imaginary helicity non-flip amplitude for —t k, 0.2 GeV^ 
[5U] . In Ref. [3T] , the vertex function has been modified to 
generate a zero at —t ~ 0.2 GeV^ in addition to the one 
produced by the rho-pole trajectory. The t-dependence of 
the vertex functions assumed in Ref. is entirely phe- 
nomenological and might not be optimal for other ener- 
gies. A comparison with our Regge-cut model which as- 
sumes exponentials as vertex functions may therefore be 
helpful in estimating the systematic uncertainties in Regge 
models for the helicity non-flip amplitude. One can see in 
Fig. [7] that the Regge fit by Barger and Phillips describes 
the zero in ImM++ at small —t (dash-dotted line). Note 
that we have changed the signs of their predictions for 
ImM^ and ReM++ (here and also below) in order to 
make them comparable to the other results. It remains 
unclear to us whether this is a matter of conventions only 
or whether the Barger-Phillips parameterization [31J pro- 
duced indeed different signs for those amplitudes. 

A systematic comparison of the energy dependence of 
the amplitudes is presented in Figs. [5] and [51 Let us first 
discuss the real and imaginary parts of the helicity flip 
amplitudes which are shown in Fig. [5] For energies from 
around y^s « 2.3 GeV onwards the GWU analysis and 
the KII80 analysis start to deviate from each other. Our 
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Fig. 8. Helicity flip amplitudes for the reaction 7r~p iv'^n 
at fixed f as a function of the collision energy ^/s. Same de- 
scription of curves as in Fig. [T] The symbols and the open 
circles denote the results of the partial wave analyses from the 
GWU group [To] and the Karlsruhe-Helsinki group (KH80) [7], 
respectively. 
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Regge-cut model and the Barger-Phillips parameteriza- 
tion use quite different phenomenological assumptions, yet 
they produce very similar imaginary parts for the helic- 
ity flip amplitude for energies above -^i « 3 GeV. Also 
the KH80 result is close to the Regge models in this en- 
ergy region for practically all values considered. The real 
parts of the amplitudes generated by those two Regge flts 
agree for momentum transfer — t > 0.8 GeV^, but show 
noticeable differences for small |i|-values. Moreover, in the 
latter region neither of them is in line with the KH80 re- 
sult. The largest differences in the real part of the helicity 
flip amplitude between the KH80 analysis and the Regge 
models occurs around —t « 0.8 GeV^. Interestingly, the 
pure Regge-pol fit produces a helicity fiip amplitude quite 
close to the one of the KH80 analysis for —t < 0.4 GeV^ 
(for the real as well as imaginary part), cf. the dashed line 
in Fig. m 

The amplitudes for the helicity non-flip amplitudes are 
shown in Fig. [9] Also here one observes a deviation of the 
GWU amplitudes from the KH80 result from around 2.3 
GeV onwards. For t = GeV^, the KH80 analysis and the 
two Regge models are in reasonable agreement for ener- 
gies above y/s « 2.5 GeV. Note that ImM++(t = 0) is 
proportional to the difference of the 7r~p and n'^p cross 
section (cf. Eq. (|13p) and, therefore, an empirically acces- 
sible quantity. For —t « 0.2 GeV^, the helicity non-flip 
amplitude of the Barger-Phillips flt vanishes by construc- 
tion and is here in line with the results of the KH80 anal- 
ysis. The Regge-cut model employs an exponential ver- 
tex function and obtains an imaginary amplitude different 
from the other analyses. For ~t > 0.8 GeV^, the situation 
changes: here the Barger-Phillips prediction for ImM"'""'' 
is larger than the KH80 analysis for all energies, whereas 
the result of our Regge-cut model approaches zero as sug- 
gested by the Karlsruhe Helsinki analysis. Suprisingly, the 
real part of M++ of the KH80 analysis exhibits a signifi- 
cant energy dependence for fairly large values of |t| which 
is neither reproduced by our Regge-cut model nor by the 
Barger-Phillips parameterization. 



5 Conclusions 

The experimental search for baryon resonances with masses 
above 2 GeV requires theoretical analyses based on cou- 
pled reaction channel approaches. Partial wave amplitudes 
provide a convenient summary of the experimental data, 
but may suffer from convergence problems at large ener- 
gies. In the high energy limit, two-hadron reactions are 
diffractive and can be described economically and quanti- 
tatively within Regge phenomenology. The corresponding 
amplitudes offer the possibility to obtain constraints for 
theoretical approaches from the high energy region. Thus, 
in lieu of partial waves, amplitudes for forward scattering 
as predicted by Reggy models may provide an interface 
between theory and data. 

In this paper, we presented a Regge-cut model which 
reproduces the differential cross sections down to energies 
y/s « 3 GeV and for momentum transfer ~t < 2 GeV^. 
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We then compared the resulting ampUtudes with those de- 
termined in the Karlsruhe-Helsinki (KH80) partial wave 
analysis. It turned out that the magnitudes of the helic- 
ity non-flip amplitudes are not well constrained. There is 
strong evidence for a rapid decrease with increasing mo- 
mentum transfer. The amplitudes of the Barger-Phillips fit 
|31j . which we considered here as example of an alterna- 
tive Regge parameterization, may be taken as an estimate 
for the upper limit of the helicity non-flip amplitude. The 
magnitudes of the helicity flip amplitudes derived from 
the Regge-cut model join the corresponding quantities ob- 
tained in the KH80 partial wave analysis smoothly in the 
vicinity of -^/s = 3 GeV. We conclude that the appropri- 
ate energy region for matching meson-nucleon dynamics 
to diffractive scattering could be around approximately 
3 GeV for the helicity flip amplitude of the ttN charge- 
exchange reaction. 
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